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A STUDY OF CATION EXCHANGE WITH VERMICULITE
by
Marian Moeller Schnepfe

Abstract

Ion-exchange techniqggs are favored for the removal of some of the more
hazardous fission products from nuclear wastes. Vermiculite has a high cation
exchange capacity and is selective toward the sorption of cesium. A modified
ion-exchange procedure was developed for these investigations using a sodium
chloride saturating solution and an ammonium acetate leaching solution; the
released sodium was determined by flame photometry. The rate of saturation
was found to be greater for 5N than 1N NaCl and also increased when the
temperature was changed from 25° to 80° C. Sodium ions were leached with 1N
and 5N ammonium acetate at approximately equal rates. Vermiculite which is
finer than 100 mesh was saturated at a greater rate than 20 mesh size. The
ion-exchange capacities of eight vermiculites as determined by the modified
procedure ranged from 120 to 172 milliequivalents per 100 grams. Attainment
of complete saturation for the different vermiculites required from 1 day to
3 weeks.

Cesium-137 was used as a tracer in some experiments. Vermiculite was
found to sorb cesium firmly at pH values above 3 but this exchange reaction
was reversed by hydrogen ions below a pH of 1. The interference of aluminum
with the cesium exchange in vermlculite was removed largely by using a

sodiun saturated vermiculite at pH 12.6



I. IRTRODICTION

The now and a3 yet unsolved problexss introduced by the production
of larga quantities of Lission products and redicastive isotopes from the
nuclear energy industry présent mankind with & eost complex tochnieal,
health esonc=ic and political problem. Attending the use cof the fissicn
process to produce energy is the prodblem of contralling the dangdérous
produsts of fission for pericds of time moasured in tarze¢ of many hurdrsds
cf years,

In the nuclear fusl cyole wastes &re produced in each steps
fron the mining of the ore, the Mﬁcﬂm of fuel elements, the oporation
of reastors, the chemical remrocessing of fusls, asd from the rqmrch
sctivities asscolated with each of these steps, The wide veriety of
wastos produced can be categorized into two classes: "low-level®™ and
"high-level®™ wastes. Thelir major difference lies in the order of magni-
tule of their activities,

» "Low-level wastes” (1) are defined as those havirg & rsdicactivity
concestration up to one micrcgurie per gallon (up to 3.7 x 10% disinte-
gratiossper second). By way of contrast high-lavel wastes may have
congentrations of hundreds or thousands of curies per gallon. Billtons
of galions of low-level wactcs are produced each year whersas the volume
of high-level vastes is considarsbly less. Although the nuclear energy
industry has devalcoped in less than 15 years, 65 million gallons of
high-lovel vostea have secumilated, all of which are stored in tanks (1).

The disposal of conventional industrial wastas and scwage usually
involves wethods of roturning thea to the enviromrzent in sush fors and
concentration that they do not represest hagards to plant asd animal life.

v
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The dlepcosal of radicactive vastes presents 8 differeat and more difficult
problex {n that radicactive isctopes can be rexcved fron pature coly by
their natural docay, As & result, all that can be acooaplished by vaste
disponal techuiques is to provide a relatively safe place sal fora while
tha radionuclides decay. Inasauch as most of the rediocactive fission
products have short half-lives it is entirely feasible to allov these to
dissppear during atorage before asy process is wadertsiken,

Tadle 1 characterimes seversl of the squecus wastes for selected
polvont extrastion processes. The procodures for the chestcal separation
of fissicaable materials involve soiuvbicn in nitrie acid or nitris acid
with mecurie anitreto folloved by sclvent extrection. The extrastion
sclvents used are as follows (2)3 N

a) Redok process ~ hexone (amothyl iscbutyl ketons)

b} Purez process - 307 tributyl phosphate in & hydrocarbon base

e) TAP "25° - 5% tributyl yhosphate in a hydrocsrbon hase
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Table

Charsstorizstion of First Crcle High Level Agquesus Wastes

¥roxm Balectod Solvest Extrestion Pmnm(.)

Vaste

1

Approxirste Chexical Couwpositton (mclaerity) | Voluwe Vacte
Exclusive of Fission Products and Hemvy | ged/g UP% | Activisy (D)
Lienerts Conguned | curies/gal
Process g |AL | % | Bz My .| B,
Redox 0.2 1.2 0.46 9% % 0.27 1120
Purex 2:5-7.0 2,5-7.0 O.5%% 1320
TBP-"29" 0.5 | 1.6 G.0L | 2.5 |C.w02 0.11-0.22 | 2580-5160

8} Bctracted froz table i “Status Report oa the Disposal of Rediomctive
¥astes”, ORNL-OF-57-%-11k (revised).

b} After 100 days decay cooling freo $ime of resctor digchargs,



Froa the standpoint of waste disposal the fission products of most
ictarest possess reiatively long balf-lives ani have a high hazerd poteotial
for a1 as Gelined Dy their allowedle 1lisites in the human dody. Ths cost
significant fission producte are shown in Table 2.

Contv®® and utyontivun P are two of the most Sangercus waste
Livsion wmm.' With thelr rexoval much high-levsl weate cmlZ be re-
Guead to loterredists levels ard the preble: of disporing of tha zaln
voluze of wveste eould be greatly refused,

Although the acturrence of radicgctlive yastos o8 squecun eclutions
t3 comventent from the gtandpuint of tremspurt within a progessing
faczility the attendsnt properties of m;‘onn»y and chenical resstivity
render liquid smstes espeatally hazerdous. A substantis)l reduction iz the
long-term hazards assoeiated with dispcoal omld ba achieved by conversion
of rodin-isotopes inte galid fore froz vhich they eould uot essily be re-
woved. These sclidz could thon be storsd In pulttable areas,

A possible yprocess for the handling of nuslear wmstes i the ton
exghacge of vaste fiusion produsts by varicus minerals vhich possess high
eation exchange cepasities.

Many clay wineralo possess the property of cation exchmnge. This
Froperty srises fror unbalsaced eleatrical forces within the elay siructures.
Tvo structural wnits sre involved 1o their stozice latticer aluzima
ostahedra and silica totrahedra. Clay minersls are Built up fyox layer.
lattice strustures which ere stacksd parallel tc 2ach cther in a eandwiah
fachion. norsal 40 ths c-axis of the eryotal. The different types of elay
structures result froms varinticus in the pattern of stasking and fros
variations in tha eherfcel compositins of thoe layers thescoleves, Because
of the selogtivily «f verileulite for cealum anf the irrgversidble .mture
of this oo eschange ,wmie_uute was chosen frox annng olay :inerals for

exreriscntal stuldies.



Teble 2

Pringiyal fissiorn products of interest in weste-disposal opauticm(”

Arpraxizate sercent of total sctivity

after docay ot
Radiemuelide arr vuge(®)
100 gays Syears 30 years
Strontiva 90 28.0 y < R 15 ~ &9
Ceatun 157 26.6 y <2 15 ~ §9
-Pmmathim LY 4 2.6y B 15 <1
Coriuz-praseodymius 184  250.08 4% 50
Erypton 85 (gas) 10.5 ¥ <1 ] <3
Iodine 15 {gas) 6.1 4 <3
Zirecalun-elobiva 95 6%5.0 4 he)e]
Bartuz-lanthaaus 1ho 12,8 4 <3
Rutheniws-rhodivs 10% 41,04
Ruthenium-rhodins 106 10y 2 3
Stromtium 69 5%.0 & 1
Xexca 133 (gas) 5.5 & <1

s} Ouller, F. L., "Hature of Radicoctive Wastes™, ORSL-CF-%9-1-106.

Jozuary 26, 10%5.
b} 4 « days, ¥ = yesrs.
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II. HISTORICAL AND GENERAL

The pane “varmiculite® darived fros ths patin, verstoulari (to
breal worms), was glven by T. H. Webb (3) in 1824 to & miners) occcurring
at Hilbury, isssachusetts, in sllusion to 1ts suricus property of exfcliating
futo long vorm-like forms on heatinvg. ‘

Vermiculits 42 a olay =ireral produced by the alteratios of blotite
eics. Unlike wost clay minerals, {t {s not restrieted t¢ s=all particies
and may forn largs ¢rystals. The mineral exists {u » wids range of aclere
frem Wack through various shales of bdrowa acd yellow, its lustre is
usually peariy to bronse-like. The habit f{s platy but froquently irregular.
Vorziculites orystallize in the maoncelinic system and hawe parfect basal
clesvags. In distinetiom to Biotite and suscovite ths plates of vermiculite
are eoft ard plisble.

Until the work oz the structure of verzicuiite by Oruner (&) and
lster by Hendricks and Jefferson (5) . 1t wae aot known whether verzioulite
was 8 dletinct mineral., I% 1o now recognized that there is & trus versicu-
lita vith & charasteristic structure. Ascording to Gruner. vermiculite
ccnmnists of shests of triogtahedral mica or talc separated by laysrs of
wster molecules cecupying o definite spuoe (k.68 A) vhich fs about the
thickness of two vater molscuies. ,

Yerziculite inharits ite tricctahsdral ahtmt&r froa the biotite
froa vhioh 21t ariginates. Trioctahedral is the term usad to indicate that
all three prsiticns for catieng in the cetahelra) layer sre filled, This
is ir contrast €o the disctahedral condition in which only tvo-thirds of
the positions in tha vetahedrsl layer srve filled as in museovite and
i1ilits,

6v -



T

The voraiculite ltmatm 12 slectrically unbalansed chiefly by the
substitution of trivalent ﬂm:lmm for quadrivalent silicon,. These substi-
tutions say be partially hulmea by cthor substitutions within the wiea
lattice dut there (s alvays a ;‘Qtidtal net-charge daficienty. This charge
Geficiengy i satisfied by cations vhich occur chislly betwsen the mica
layes and are frequently exchangeabls. In the naturel mineral the balmneing
estions are wagsesise, souctixes ogostanied by caleiun.

In biovtite the shoets are held together by pstaseiuz fong which
give olectrical neutrality and prevent the eantry of watar. 7Tn verasiculite.
s& shown in Pigure 1, the potassius lons have beasn roplaced by sagnesius
ioce and waler polecules with consequant ioterlasyor exyaunsion. This
saparation of the sheats allows mmiaﬁa to enteyr and aation exchange to
taka plece,

The vide range {in chexical eomposition {8 shown in Teble 5 which
gives analyses of vermiculites used in the present experimants. The faot
that vorzliculite is seldoa found in the pure stato shauld bs exphasized,
X-ruy exesination by Daphus Rogs. U. 8. Geclogical Survey, showed that
theso sazples contained the minerals listad tn Tadble &,



Table 2

Chexnlosl Asalyaes of Verzioulite (percant)s

seaer 1 |2 |3 | |3 |6 |1 |5 [feaiyees | Rases
Bioe 6.4 [3.8 [29.3 W5 {433 |67 |34 [BA | wa [e9.3-a5.3
Algbs 12,2 [17.7 [20,0 [11.0 [2.9 [12.2 | 9.8 | .4 1.9 9.%-17.7
Poglp 7.3 [i8.T | 4.5 | 5.8 | 6.5 | 8.0 | 2.6 | 4.6 6.5 2.6-14.7
Yol 0.50| 1.9 | 0.22] 0.72| 1.3 | 0.76] 0.29| 0.30| 0.T7 | 0.22-1.9
vgs 19.7 [10.6 [19.0 [R0.1 [17.9 [20.0 |27.2 |06.2 20.1 10.6-27.2
Cad 2.1 | 1.b | b2 | 2.2 | 1.3 |16 ] C.00] 0.6 1.6 0.00-2.1
Hagd ¢.1k| 0.10]| 0.18| 0.13| 0.27| 0.1%| C.0| .06 0.1% 0.08-0.27
Ked 2.0 | 2.6 | 0.20| 5.b | 5.1 | 2.9 | 0.0M b.2 2.9 0.0-5.1
HaO 374 [15.8 |17.7 |.9 | 9.3 [16.% |20.5 [12.7 15.5 9.3-80.$
10 1.0 2.2 | 1.3 | 1.6 | 3.7 | 2.0 | 0.23] 0.72 1.2 0.23-2.2
Pl 0.03| 0.1 Q.12 0.63| 0.33| 0.05| 0.05| 0.02 0.17 0.02-0.68
#s0 0.10| 0.19| 0.10| 0.03] 0.13]| 0.30| 0.02| 0.02 0.09 0.02-0.19
COg 6.2 031 |83 |<i|oox|or]os 048  [|<0.1-2,3
BaS0, 10.0

¢ Amliyses by Reapid Rock Analysis laboratory of the i, 8. Geological Burvey
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Tavlie h
X-Ray Desoription
Ue 8. Botical Hinerdls Pound by X-ray
Bazple Ho, Museus No. Location Bxaxingtion
1 92 625 Libby, Mootamm Veratovlite. veraioulite-
sontasrilloalte wuixed layer,
nfcs-vorziculite nixed-layer,
and anlcite.
2 94,35 Srruce Pine,
forth Caralina Verzioullite and uics-vomigu-
. lite nixed-layer
b LOT.4Th Hillstde, Gol. Versieulite sl ziea-vorasicu-
1ise =ixeld-layer
§ 108,799 fangford Btation Mics-versigalite uixed-layer
Bowuth Carclina aud traces of guurts
5 sesee Travellars Rest, Verzioulite. s montuorillonite
- Bouth Caxolina wsingrel, zica-vermionlite
mixed-layer. bictite. quartt.
ani posaiple snphibole
& 97.3%% Lithy, Wostena Hica-verziculits cixed-lsyer.
7 versiculite and wicn
7 101,9%% Frenkiian. Borth Possibly ohlorite or dicetas.
Caroling hedral verzieulite and mica-
versiculite mizod-leyer
8 106,779 South Afrioa Miza-vermiculits mixed-layer

or chlorite-nica miked-layer
with » trace of ehlarite
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A purber of thecretical furauvlse have been proposed for versmiculite.
" @runer, fros the aversge of sewin true verriculites fres differezt parts of
the Usited States gave the following formiia (¥13

(Gﬂa{ﬂﬁs ”}8{3‘; A}'D ”}‘Qlo‘km

Barshad (6) propised the formuls for vernmisulite asg

(50} (g, Ca)y (AL, Pe, Uglg(B1. A, Fa)e0,(0N)n

vhere ¥ represents the moles of HeO. y. the interiayer ions which may
razgs froz 0.22-0.%, and &, tho ootahedral dons. 5 or lass. lu coutrest
to Gruser's forauls, this formda aistiaguim botwesn the exchanpe ions,
and the atoms in the cetshedral and tetrahiedral layers.

As noted in tha istroduction varsisulita possesses the jproperty
of esblcn exchange; Gris (7) reports that the catica exehange capmeity for
this mineral ranges fron 100 ¢ 150 eilliesquivaleats per 100 grazs. Yosse-
wuch 85 the sxohangs carzasity of & glven mineral say vary vwith =eany faetors.
gapacity values are rigorcusly coxparedleo caly if they are obtained Ly the
saze atandard procedure. '

Early experirents on cation exchange indicated that under a given
st of eunditions vAricus estionsd wvere nut sgually replsceadle and 814 not
have the cssa repiacing pover. As cation-gxohangs reastions were stuliel
{t bosams apparent that there is po single usiversal replacoability series.
This 1s the vosult of irteractions of & musber of festors (7)1 |

i) The nature of the eation., Cther things baing equal, the higher
the valence of an fon the grester i3 the replating pover and the more

difficult it ia to displsece., Hylrogen icze bohave ancalicusly. Amoag
eations of the same valents, replazing yower Iincreases ¥ith atonie muwer.
2} The conceatratinn of the eation. In generael, indresseld concen-

tration of the replacing cation resulta in greator exchange by that fon,
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But the effect cof eoncentration alsu depends ¢n the partieular eation .
boing replaced. The cosplexity of the fastor of conventratica s brought
out by Kally (8)1
With cation pairs of sisilar roglsding powver and

of the sace valence, wuch as X' vs Mi* or Ca*' va m™,

4{luticn has relatively little effect on exchangs. while

with cations of differest roplasing powsr anld diffurest valence.

for exseple, Ma* vs Ca**, or WH,* vs Ca**. dllution pro- '

duses carked sffoct on exchangs.

5) The populstion ofcaxchange positions. Jeony and Ayers {(9)
have shown that the esss of release of an ion depends not caly on the
nature of the fon itself but &lso upon the wsturs of the cocoplexentary icns
£11ling the recalovder of the exchange positions. Por ezacsple, as the
asount of sxohangouble caleius on & slay =insral becoxes lsss, the caleic:

boocozes nore difficwit t2 relesse. Sodiuz, however. tends to tecone easier
to relouse as the degres of saturatics vith sodiun ions becumes less,
§) The mature of tha exchange mineral. All other factors being

equal the raplaceability of varicus caticns varies with the pature of the
exchanging sizaral. Careful work by Schachtechabel {10) on jure Msolinite.
suceovite and sontaorillenite slsarly Qescosstrates thad there 1o nct a
single replscesmnt series chamseteristic of all minersls possssging jon
exchange yroyerties. When s nixtuwre of montmorillounite sud suscovite ig
treated vwith soluiions goutaining both caleiuz and sazonius ssetate the
puseovite adsorbs relatively sore of the ¥E.', as4 the seatmorilicnite
udsorbe more of the Ca't,

Baretad (£), in his iovestigaticns of the eatlcn exchange
characteristics of versiculite, shewed that the exchange process s re-
versibls betwosn Ma®, Ca*", g™, ausd X7 But 18 not gosjletely reversibvle
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betveen K'Y, WE,Y, Rb*. and Ce*. Tho latter fans tend to become fixed end
relstively non-replaceable.

Av stated in the intreduwotion cesium ¥ (s ono of the wore
hasardsus fission products. Ynaszuch as it hag & long half life and
vernmioulits is gelective toamrd the sorption of cesius, experi=zents were
rade o the cation exchange moperties of veraiculite,



IIX. RXPERIHERTAL
Cation exchangs e¢an be reprasanted by the egustion
A o B =2 + A*

vhere A' snd BY reprosest solution caticus of equal chasge and AX and EX
rejresent the exchange materisl maturated with A” and 3%, respectively.
Whens the exchsnge material has ouly ose kind of exchangsable sation, the
caterial ie said to be ssturated with that ion. Tha total aszount of
axchangeable oations is usaally expreseod as milliequivalents rer 100
guzs {neq/l00 g and this quantity fs calied the oatlon exshasge cspacity.

This study vas sade o develop & progeduwre for the deterzisation of
cation exchange capmaitios of varaigulites. to charactarize ths cation
sxchange propariiss of several vernleulites, and teo deterning the ion
axchangse debavicr of cosius vith vermiculite with & view tovards applicstion
%2 the vasto disxeal pradles.

A yrocedure was desired for deterninivg the caticn exchaunge cspsaity
of verzicullite sc that later exjerivents zight indicata how capacity valugs
wvere affectol by such fectors 88 the hydirogen fon and alunirun eancentration
on the sorption of oesius. Because cesiux salts sre relatively expensive
1t vas decided to dotoraine the catlion exaherngs capscity using ooxe other
fon.

Twe procedures for the dsteraliat:on of oation exchange® cajacitios
vere tried ca & singic varmiculite. The method of Bower and Troug (13)
e=ployed a manganwse {II) ehloride saturating sciution whoreas the msthod
of Barsdad (6) used a soliws chlorids scluticn. The first mathod scexed
attractive tn that 1t offered & sizple eclorcvetric dotarsinstics: the
1stter mothod vas attractive from as esouosle view,
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Asgording €3 tha methnd of Bwer and Trong the ¢lay zineral 1s
trosted with six fresh porticns of a 0.90 M emnganess (I7) ehloride as
1A T £ & tutalh of thirty wiunutes. Ths exceas manganess is wvashad out
vith methanol asd tha residue sonteining exchansel sangansse ions is
leached with 1 W XACola0p altc at 8 7. The lesached cangasose icos are
cxidized $o parsmugiosts anl detarzined eslopimaetrisalily. The suthor
found ssvoral ohjestions toc this procedure, paselys
1) &t $H T & sangeneas (I7] cAlorids salution in unstable
12a2lsg to the formpiinn of & brown presipitate. shieh
geuld woasibly ba presipitated {n the earple sl thus
gausn a methaniazl prodlex in vaching out unaehanged foms,
27 the exchangs caracity walue ab‘;ﬁ.iv:ed Cron the designated
saturation tize was only abaut 20 ¥ of the trtsl capaaity
az detarninaed by aubsequext axperirants.
Thic last faatyr war lozs objoctimable in that ths saturation
tirm amitd be extandad hut fhe ingtadility of the satursiing solution
zade the ssthod erpear wirgliebles.
By tha nothod of Barchad a 1(fMly grount secple iz treated
with 1 X Nall, ¥resh rortions of esturatiag solwtion sre adldel every thres
Lo fayr houra for te: days after which the ea~rle is vash?d free of ercess
esth golidion with &baclute rethean)l. THe aofiu: saturated manple is
tosr leachsd with &r amwonivn acetate solutinn and the solliun iz dater=ined,
Exporisents szeording to Bardhad's nethol proved to he sizple bt |
ouffored fruw the yroloryed $ime necessary for eaturmtion. 7t showld be
wsted that in thin prosess 8 divalent ion, Mg*t. ia the veralieulite fs
being rayissed by & mioovalant ope. Ales the exgharge oameity value

ctis ne? wag ouly abeut 607 of the total welue.
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The latter methad, hovever, was chosen for s mre detsiled stuly
to £ind the best eonditions fur detaraining the catlion exchangs cajscity
of & verniculite. It ves dasirvable to experisent with such feotors as the
vashing reagest. tezxpersture, particle sise. eongsntration of satureting
and leaching solutiona, and the time necessary for coxplete satuvation
and leaching. Alsc. it was desiredle to ascertaiu the effect of exfoliatios
o3 the exchange caresity. These pilot experiments vers made on wermiculite
¥o. % besmune of its availability,

A. Bxporimgnts to Determine Opticws Conditions for Caticn Exchangs

Io each of the folloving experismests the weighed saxple (0.5000
to 1.0000 g) wvas placed ip 4 fifieen niuinmi glass-stoppered sentrifuge
tube., A fiftees nilliliter porticon of saturuting soluticn vas added acd
sarple s azitatad goently st interwals of time. Aftoer three howrs the
sssple vas centrifugsd and thes supercatant liquid discharged. Fresh
rortions of satwabing sclution were sdded and the prosedure repssted.
After mstureticn, the esxeess saturating ions were unshed free xxl the
exchangsd ions leachad vith fiftesn milliliter portions of loaching
solution. Agatn the sasple was centrifuged end leschings wvers fililered
and added to & voluaedric fleask, This rrocedure was repested until leaching
vas ecuplete, aftar whlch ths leachates were made to volume and the
leachnd-ion ooncentration deterained by fleaxe photometry.

¥aashing Progedurs. Pirst S was pocessary to slopt soos standard
wathod for veshing out excess unexthanged ions, The proosdurs exployisng
sbsclute methannl was teated to deteraine its effectivevess in wmshing

e sodlux2 gaturated fine-grained sexple. Four 2 gras sasples of acid-washed,
100 menh, vhite sand ware "soaked™ with 5 ¥ Hall., The saxples vers then
washod with tes 1% milliliter portions of absolute meihsnnl after vhick a
negative test for the chlioride lon vas obteined with aotdified silver
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sitrate solution. The aleohol washed sexples were next leached with
distilied wator and the sodium concentration of ieachings deternined. The
results indicated that absclute methannl (s sn sffestive washing agwnt
for the sand, To deternmine whether nethascl was satisfastory for verziculite,
sazples vere troated with 5 F Rall for six hours, The varmicuiite sasples
wero vashed a8 abhove. Upon: leaching with distilled water the equivalent
of 3 milllequivalents of sodium per 100 graws of wverziculite was obtsised.
Bosed on the minisus exchange capscity of any of the escountered vermiculites
this would amcunt ¢o as much 88 & 2.9 orror. However, it i3 guestionahle
vhethor the solius leached with water wvas the result of isefficlect washing
by zothanol. Terhaps the hydroges ion eoncentration of the water was
responsible. It was felt that absolute mothancl was an sdequate vashing
mmtwmmmmatmaaaammuymw.

Teaperaturas Effect, To check the elfest of teapersture on gation

exchange four partions of & given warmiculite were saturated simultasecusly
with a sofiua chloride solutlen. Two of the samples were kept &% epproxi-
cately £5° C. asd the other two at 707 to 80° €. during ssturetion., The
higher terperature vas ohtaiced vwith a sand bath; no therzostat vas used,
In esch case higher exchengs valuss wore obtsined at the slevatsd tespere-
ture. Therefore, &ll susceoding experizents were ecarried out at T0° to
80° c.

Baturaticn axd Lenching. It was desired to dstermine the affeat
cf consentratlion of saturating solution oa the rate of exchangs for two
difforeat particle sizes, It wvos alsc considersd dosirabdle to check the
offect of tha concextretion of lsaching scluticn on those two different
particle siges for any given length of tiwe, _

Five sets of eight sazples of & given varsiculits were treated
ip incresents of twenty-four hours. Of the cight sazples of & single
set, four were 100 mesh asd four were 20 mash particle size; A pair of
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the 100 =ech 2a:ples uis trasted with L X Hall, and the olher with D X
Hall saturating soluticn. Ths 20 mash saxples wore troatad in sizilar
fashion, Ealf of all ths sasples (20 and 100 =zesh) treated vwith 1 ¥ E&ll
vere loachod with 1 § MIZale0z (HEAc) and the rexalaing haif with 5 3
MiyCalisla (MAs). Bee Table 5.

Tabls 3
Eaturation ax] Lenching Sxperiment

100 Mesh £0 Mesh
Baturation | .
1B Nali 5 X HeCl 1 ¥ Ball S H RaCl
Time
TH] 5% 18 ] 5 18| 5F8
Tays HH A | Bl AC Wiiehe | Nigin BHAL | KAz Elhe | BHgho _
Hillioguivalents per 100 grass®
1 58 &0 T2 | 72 &7 55 59 b
2 99 ] 75 go 50 5 6L 61
3 &0 62 8 83 o8 54 o1 &7
& s | & 92 n %5 53 T3 D
5 6 | & % | 5 5 | % 7% |

* Jallio glves final lenching valuns.

It wvas spphrent that the 100 sesh versiculite was saturating sore
easily than the 20 magh sauples and that 5 X Nall wes wove efficient than
the 1 B Ball for o rapid approsch to easpleta saturation.

Conclusios Concerning Leashing Sclution. The 5 K KR CHslz gave
sxchaonge values approximately similar to tho I B NHCallaOg 83 & Loaching

galutico for ths sane leangth of tise. The exchange values given ioc Tadle 5
are those obtained after cozplete leaching. It was found that fur the 100
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siosl saxples the soliw wes orxzlotely leacksd ir 2k hours; the 20 oesh
sicples required ctasiforaszly langer tirs. Cre of the folloving erperinents
cexonstretes this. I3 vis contluded that the 5 K EilaFalz uffered ro
wrticder sdvastage over the 1 fl BHLpH 0y for the lemching of sofline ions,
lievertheless for- 8ll further axperizents & 2 K EXCollgDg leaching solution
Wb 8dopted &8 o safsty mpasura,

Counclusion CQmmﬂﬁSatmti_ig fcluticn, It wee dcalred to

eastablish the relebticuship betuvsn the time neceastury for complsto saturation
an particls size. Biperizants vere continued elong the gaze lines as
Geseribed in the preceding yerageih. The 100 wesh verniculite treated with
5 H Bll vas satrated within 3 wooks ss lodicsted by no further ingredse
in exehange capaeity vslue. The iC0 mosh emuple vhich wae tremied with 1 B
Rali, however, was oaly 63, satwuted 1n 3 wooks &ud 500 ln § veeks. AY
tho end of § weshs the 80 mash saulos, cne of vhich vas Sreated with a 5 N
Fall ond the other with & 1 ¥ Hall, ware 501 aui 56 satirated respeeilively.
Frox the above reaulis In which one saxple wms wuly 561 saturated
alfter & wesks astwatbion the muthor ocuncliudad thet a @l ¥ HeZl was ‘=preotieal
a8 & saturatiag sclublon & conseguently adopted & 5 § Balll for further
expericents,
leasuioz Rate. It wos nexi desiruble o fuvestigato the relstios.
siip hetwesn time necsssary for complete lsaching and particle size, 1In
these exporiments sasples vwhich had boan saturated with 5 K 30l wore

leachad. OCuo strple w36 B 100 sseh and the cthor was o 80 mook versiculite,
Tha leschings, alter varylng tise {nlervala, vere collocted fn zopuarate
volwolric fissks. %he godiue countestration o the differont flszks wns
deterniond; the combined values are glven ilo Teblesfa a4 b, Tha tebles
show the 100 wagh seple ie losched sore sapldly.
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Table Ga

Rate of Leaching for 100 Mesh Verateulite

“Teaching Fercent of
tine Meq/l00 g | couplets
Bours leachod leaching
.2 93 ge

k 114 96

6 118 &9

e & bR LY 100
Tanle &b

Rate of Leaching for 20 Mesh Vermiculite

tz::hm& Meq/100 g :m;a?’
leached leaching
2 hrsa. 14 65
b hrs, 0 &2
6 hrs. 76 8
2 doys 81 95
5 days 83 4
6 days 85 100
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Exfoliation. Hatuwral versiculite has the peculiar property that

it exfolistes wvhen haated rapidiy. This property ie considered to result
froa the iaterlayer water iu the structure Waich upon heating causes the
exjacsion ¢f the struoture by the sutreapped stean, See Pigure 1. Very
firely ground verziculite may not #how this property dus t0 the repid
escepe of the generated steam. Verziculites have been reported (18) to
expand ag much a3 19 tives their origisal wvoluw upon exfoliation.

A test wves run on two different particle sizes of werzivulite to
deteralue the effect of exfoliation upin eation exchaoge capasity. Table K
gives inforration obtaired for both the 100 uesh and the 20 mash vernicullite
in both the orude and exfclisted state.

farples were trested plmultanssusly with % ¥ ¥all with po view
o goniiote saturation. Exfolistion was produosd by heating seaples for
2 zinvtes in 8 900° C. firrace.

Tatle T
Bffect of Exfolistion on Cation Exchsnge Propertiss

Btata of Veraioulite Meq./300 g
Crude vermiculite 100 mash 65
Exfolinted verziculite 100 wssh 23
Crude veraioulite 20 nesh 57
Exfolisted verziculita 20 veah 48

Little trovtle was experienced with the washing of the crude
vernieules « 10 washings with absciute methanol were quite afeguate. Yor
the exfoliated samples, a:d more particclariy the 20 mesh exfoliated cne,
more than 20 washings were required. The chlceride was leschsd ir lerge
guantitics until finally & negative to2t was obtalies.
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Other difficulties were euccuntered; the exfoliated wvermiculite.
raving & low density, flcated cn top of the saturating scivtion. Deoanting
the supernatant 1igquid after contrifugetion proved to be guite & prchlem.
It was coneluded that exfolistica of the vardiculite 414 pot izprove its
exchange capaaity axd, fndesd, intrcduce? & swechanical prodles.
Particle Bizs. AL .t.hu potut it wves deamad expedient to reatrict

the experimental wariables with ragard o particle alge, It was found
thet more tize fe required for the zaturation msd leashing of & courser-
graized zample. On the basis of isformation givea by Barstwd (8), in
ieh he roports that tha exchange especity of vermiculite is {ndependent
of particle simze, the experizsatz on the R0 wesh werslsulite wvere discon-
tinued. Purther experizents were pestricted to 100 »msh particle siss,
Endine Detaraingiion, 8o far no reference has Yoeex mals concerning

the method for delerzining the sodiunm eoncentratioan of the lsachates.
8%andnrd solutions of sodiv: wers prapersd enstaining NHCoHslp in concen-
trations egual to those found in diluted lesshings. Tt was fousd that
the curve wnich resultsd frox plotting parceat transsissiocn vs pp2 sodiu:
vas not linsar, particularly as the highsr sodiun Concentrations. Tharefure,
solutious were diluted so that the sodium congsantrutions yeusined at less
than 20 prx sodiue - closer te 10 ppe &% which goucentration the curve is
wore pearly linesar. The porceat transzission vas scasucred with & Beakman
D. U. 8pectro-flane photomatar using a 539 wu wave length.

Socrary of Jop Brxchange Procedura, The weighed veraicullte sawple
{0.500 to 1.0000 g) 1s placef in a fiftsen =illtliter glass-utoppered

centyrifuge tube, PFifteen 23111liteors of % ¥ Yall szatursting sclution are
sdded, The sa<ple is agitated gertly et intervals of $ise And after three
to four hours at 70° to 80% 0. the sanple is coutrifuged and tho super-
netact liguid (=g discerdzd, Frosh prrtiocns of saturating sclution &re
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added until saturatiocn is eompletse. The sazple is then washed with
absolute methancl uctil a negative chloride test is obtained with acidified
silver nitrate solution., The saxzple is then lesched with a fifteen
zilltliter portion of R N NH CoHaOg; during leaching procedure sazple is
agitated gontly ab intervals of timo., After spproximstely two hours the
sazple is centrifuged md the supornstant liquid is filtered into s
wvolusotric flask. Additional fifteen nilliliter porticns of leachircg
solu